(19)b*h*mwt (jp) (i2> H 4# It" W. (A) Ul)WmtUH&H«^ 

#11^4-354865 

(43)4ifflB ^£4^(1992)123 9 B 

(50 intci. 5 m\tm /twas*^ f i ttwa^ffi^f 

C 2 3 C 14/32 7308 - 4K 

14/48 8414-4K 
HO 1L 21/203 M 8422 -4M 



(2i)aia## 


W»sp3- 129512 


(71)aJB5A 


390014535 










(22) fcbSIB 


Jf^c3¥(1991) 5H31B 










(72)£tP!# 


liiffl 








ftJ*^teS5mSrft^*rr 6 TB 11 - 9 






(74MWIA 





(54) [38WO*«S] «fiM<^>e-A(Ci^affiMa^i4 



(57) [S»] 



T<5. 

S5<£K:t>&A, CVD^7iioI^i:75:-5. 




1 

i oaa^a^fc 

[0 0 0 1] 

rojtafia< e-ic <fc ssflMaa^scwr* few 

[0 0 0 2] 

^ ^commmmt^. -i-^&At-ct^ffiefcK. * 
sn, fct^ax^y^'j cvd, <f 

[ooo3] u^Lfcat^ rne-sejfcro^&coig'g-ic 

*CD^^O«-&t(i. A*fX*JW- ritlOOe V£(TT 
S*keV£K< Lfc-f tT-A*fiJffl U&fmtffcS 

14, (3ftftfiB(^*>#£A2tt3;ta6, ffi<«V»3B 

s®fflco*(7)efcK(4@gMr* o fc. 

[0 0 0 4] dCDfcft, UL S I 3?OiSSXU^ h 

A£fflWb «>*ffl«T?Hffaffi*fflfjWkf U-x> 
yt. *£W4£&. H{fc2sffi<£>ft£iT&V:>3i/Hi#'N« 
i* >tt A £ if 5 d t ?5*T? ;* L ^ -f * > 
©3J3tot&<a2;ftTV>fc. £©fgW4. £i,±cDiffiOco 



(2) «fWPM - 3 5 4 8 6 5 

ttAae»ric-r<b^tAt*d*wflBi«:3»«fu^-r*>t: 

[0 0 0 5] 

QB*fc(4^ : ?-*Ear*,i^7x^-£^6XL. cnfcTtt 
7-i mzf&r -a-*: -r ■t > £ DnatgjE c ± -3 Tsaaj 

[0 0 0 6] ;i<Z>&9!ttd7 — f ^->(C«fco 

TS^BaCD«3g«i"J--><ys-?f^^ffi J ? 3 . 2~1 

&t^tfK{fc», mim, mvfo, mm, **{t*> 

1 k VT ; fe-€-n-?nog(^i4, 1 0 e VJ^TCD/fifiM-r 

[0 0 0 7] WT> »J*SLT^ e.tcl¥L-< Cco^ 
(DiSffi^^ ^- > fcf— A (C «t 5 SBIfflffl^ffi H a T2!i 
WTZ. 
[0 0 0 8] 

KffiW] ^#U/iBI35©ia 1 (4. Cl©5S?g<ojBffi5S'l' 
30 ^->t^-AiCcfc-5)igMffl?E£i«c75«t»SI2IT$.-5). COTBI 
1 IC»-oT^^X^ — f^->kf— A^ffl^i&^ffi^'J- 

*V»tt«[^t*!teif(0«ift-ca{W«O^XSlllA?L (1) 
SaiT^XV-X (2) tC^XJI^*t*5ljaEIC75:^i 
"C^AtS. i^V^T, aJIALfc^X^^XV— X (2) 
Vftmzmf ZWtS X)\> (3) 75>P>i«*fT-5. iCOWf 

Cco^^X^-^X^T- (4) £Si;-T:*>ffcSB 
47 (5) l;«<. -f ^>fls« (5) $aiaT2)i:3-lC-r(7) 

ciro^^T.^ — (*y\zmimm (6) a 
(7) \z$\mnrL-ttfi<DMmw£\z£.-o 
rjtoasn. (8) tcsf^-r-s. hbcq^^x^- 

(4&lH®OTK^£lij&£ttTU-5<Z)T*. fflJlITglEdU 
k Vt?fe^n-?nroK-J 1 l41 0 e VBTFflMHfiaitf— A 

[0 0 0 9] H2 (a) (b) (c) 14. ^CDgHcDfe 
sbco/X;P (3) SW^LfcfccoT*«. t^nfefci 
50 AS4^7Xffii«/X*;l-<i:-r^itA<-C$^. rlt, 



3 

£L-A.\iZ.n<b<» J X;U&, LM/XJl (a) , MI/X 

;u (b) *>£zfsmy xju (o i^ct^s^. 

/X;UcOiAfl (d! ~di ) i3i;mi]aifl:ffi <D; ~D 
3 ) 0. lmm£>cfctf 3mm£&-3=t? iZ 

[0 0 10] di =0. 18nm 
dj =0. 15mm 
da =0. 12mm 

y x;ucofSiagBco££ (ii ~1j ) ts. Lffl. 

MS!. S S! 7 XJVT^-n-pn 3 2 mm, 14mm. 1 Omni 

Ltt. ts*. /x;KofiS-t>ia«tt. tfxcoa&ci;-? 
sect*. y x , ;wco^tt^7Xisei < ^-<7)^iSii 

[0 0 11] 03ti. rco?^cOLSyX;i^e«8*fL- 

jfctr-A©3*flMMrc&*. E— AosMHi-r *>y- 

^tCcfcoTSH^Ufc. *&. X^V- (4) t/XJl 
(3) tOBJBttlcnlClSlfcU yX;U (3) £>ftg£ 
tf— A C SDS C 3 tt T fcf - A * S3 Jg L 
ft. CCO0 3<i:O, tT— A^'6^S«fcofcmi6H4t- 
At&oTfcD. •e©ffi[S]ttlW^MEA (Po ) co 

[0 0 12] 04ttLfiyXMffl^t. #X«iteEE;o- 
(Po ) *0.4»BEfrS3.0^£^3EAT8ll;£l.fcCO 

(4. S= (4 re/A) S ln29©ISM^l/TH5. 
£CO04<fcO. tfXfltt&E* (Po ) GOiSA ££*>!;:, 

^n^ncotf-:?«A-3< ttt>TV>-5 
(Ill) ffi#5©H*f 

-I* X#ff ^©^JNe*£7KL7tt>©75*l2 5T 

LI, MS. S3jyX;H/^ntO«-&>fo. 7^X 

y-f Xtt^/xftj&ffi^cDiB^it'biwJt^urvi-s 
4$c. L^/x^-rit, u-fXttiooo~ 

5000C#:f&l/TV>2>. 

[0 0 13] iJt, COi 9JX9 — -i*>&S i S® 
tCH8ltLfci#©M«3?i^S:ffl^^fci6(C. ~C0?7X 

9 — < * ><Dmmnj£&&XT s \&mzm$tLtt&. 

^•CDS i &tfL<DmVi&&X.V7V *-9\Z&^iXM&l, 
ft. 0 6i4. COi 9<77.9-&&tfCOi *»f®-f 

CO: #^oo*^-, JSifr*i4Jngf&ffi 

coiaAiirfcCiaitoL, -f*>HK«CJ:oT3cMd**fl 
ifVit&\ZfZ^X^Z>z\tWt>fr2>. — CO. :?9X 
f *><OJ»We{4. JB#f*ttJ»a«E*«4 kVST 

[0014] H7i±. co, ?^x? — 



(3) Wl - 3 5 4 8 6 5 

-/ 

CCDS I .StlS&^+r?*- KA-y ^X4M-:S"J > 
^ (RRS) te-CiM3tLfcJIB*S7SO/i:t><7)T»S. tt 

230^ v ^juwifico tf — ^ ronfi«*» ■=>. tflffi£-S(+7t s 

*!f8WcOS i ^«CDfcf-^cO[SittiPSf5T*0. -f* 

^-«)i^T^0<OA«x^;u^-(i*ij6ev-e. ma- 

? 1 IB i3 0 COAfrfx^M 1 -© 3 ke VCifc^T^WtC/h 
20 [0 0 1 5] «±«5i»*± D, i^X^ — (J->&m^ 
^£&&£l±££#C^3?ftx^jl/:£— iD/hS <T£ 

;tTfrS*-*>igte#U4XA y ^ s ntlEi* s s n 

-tn^ncoKT^oTv^jUfix^^-iOf-tt. » 
» vrs. < x t> HttSfflos&'ffc&te £coi^^ K*rs»Ta 

[0 0 16] CW^C. d<©«W<0^ffiC«fcciTB^ 

s e. i; 14 z. n s co^iEfSffl v^m-T-? A--f x co^e y u -> 

9 - co £ £ <n co A W x * j u - it a E& IC W W X i* Z> CO 
XiCj:oT(3:S«35MlC*ft«3-a:, ttSS-f *>K— AC 

j:*<t^j*# (cvd) hmmx-zz. 

[0 0 17] 

[^b^co^*] CO8Wl:J:0. JWJb3¥b<HK^L-fca 
0. S<£i*-f ^>tf-AfC«toT^a*ffi«^'J-X> 

[HMcoffi*^:^] 

[01] COaWO-f ^>tf-Affla*6HO— 
[1212] (a) (b) (c) 14, HlcoSKcoy 
[0 3] COs tf— ACO^ZS^ET*^. 

[04] co. tr— A©m? 1 «iiaiff/x^->oaua»flr 

[05] ^7X^-^XtM^/Xff.^i:<OfflWIT 

[0 6] JBl»r*tiIPa4ffii:coffiMHT?»S. 
[0 7] RBSX^ 
50 [08] ^7X^--ft>4fflUt-f ^>ttAcO«^0 



—351— 



(4) 



ftffl¥4 - 3 5 4 



Tab*. 

1 rtxmAJL 

2 xzv— z. 

3 yx;u 



4 

6 Sn&m« 
8 2 « 



[HI] 




[0 2] 



[S3] 



(a) 




( b) 



(c J 



d2 



I 

I 



A P o = l a t m 
O Po=2atm 
□ P o = 3 * t m 




(5) 



t$f»¥4 - 3 5 4 8 6 5 



[04] 



[[3 5] 




10000 



i 1000 



3 . 0 a t m 
2VgVt m 
1 . 0 a t ra 
0 . 4 a t ra 



100. 




[06] 



M- 

m 




[0 7] 



600 



400 



200 



co, m & =f 3 kV 




400 



[Designation of Document] SPECIFICATION 

[Title of the Invention] SURFACE TREATMENT METHOD WITH 

ULTRA-LOW SPEED ION BEAM 
[Name of Document] ABSTRACT 
[Abstract ] 

[Constitution] Clusters of agglomerations of atoms or 
molecules that are gaseous at normal temperature are formed. 
By showering electrons thereon, ions thereof are generated. 
The generated ions are accelerated by an accelerating voltage 
and allowed to bombard a solid surface. 

[Effects] Damage-free cleaning of a surface, ion 

implantation into a very shallow surface portion, CVD and so 
on can be realized. 
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[Claims ] 

[Claim 1] A surface treatment method with an ultra-low speed 
ion beam, characterized in that a cluster of agglomerations 
of atoms or molecules that are gaseous at normal temperature 
is formed, an electron is bombarded against the cluster and 
thereby an ion is generated, the generated ion is accelerated 
by an accelerating voltage, and the accelerated ion is 
bombarded against a solid surface. 

[Claim 2] A surface treatment method as set forth in claim 
1, wherein a damage free cleaning is applied to cleanse the 
solid surface. 

[Claim 3] A surface treatment method as set forth in claim 
1, wherein the ion is implanted into a shallow surface portion 
of the solid surface. 

[Claim 4] A surface treatment method as set forth in any one 
of claims 1 through 3, wherein the ion is made of the ion 
cluster . 

[Detailed Description of the Invention] 
[0001 ] 

[Industrial Field of the Invention] 

The present invention relates to a surface treatment method 
with an ultra-low speed ion beam. More particularly, the 
present invention relates to a surface treatment method with 
an ultra-low speed ion beam, which uses a cluster of a gaseous 
substance at normal temperature, the method being useful for 
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cleaning and modifying a surface of a semiconductor device, 
other electronic device and the like. 
[ 0002 ] 

[Prior Art and its Problems] 

So far, various kinds of gas phase reactions have been 
developed with an intention of applying surface-cleaning on 
electronic devices such as semiconductors and the like, of 
modifying a surface by means of ion implantation, or of 
depositing a thin film and the like. Various methods such 
as, for instance, sputtering, vacuum deposition, CVD , ion 
beam deposition and the like have been put into practical use. 
[0003 ] 

However, in the case of the existing methods being applied, 
since it is difficult to avoid unfavorable influences such 
as damage, deterioration and the like of the solid surface 
to be treated, there have been problems when higher precision, 
higher quality electronic devices are fabricated. That is, 
for instance, there is known a surface cleaning method in 
which a solid surface is bombarded with an inert gas ion such 
as Ar ion or the like, impurity atoms and oxide adsorbed on 
the surface are sputtered, and thereby the solid surface is 
cleansed. However, in the existing method, since when an 
incident energy is 100 eV or less, an ion current becomes 
extremely scarce, an ion beam whose energy is increased up 
to several kilo electron volts has to be utilized. As a result, 
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defects may be generated on the solid surface or the Ar may 
be implanted into the surface and become an impurity atom. 
That is, there are disadvantages in the existing method such 
that a clean surface may not be obtained and the like. In 
addition, when ion bombardment is applied on the solid surface 
by use of a single atom or molecule ion, the ion is implanted 
inside of the solid. Accordingly, it has been difficult to 
modify only a very shallow surface portion. 
[0004 ] 

Accordingly, as a basic technology in advancing toward a 
development of high grade electronics such as ULSIs or the 
like, a new ion beam technique, in which even by use of the 
ion beam, the solid surface may be cleansed damage-free, or 
ions may be implanted into only a very shallow portion of the 
solid surface, has been strongly desired to realize. The 
present invention has been carried out in view of the above 
situations. The present invention intends to provide a new 
ion beam surface treatment method that can overcome the 
disadvantages of the existing ion beam technique, enables to 
perform damage-free surface cleaning on the solid surface, 
and enables to form an ion-implanted layer only in a very 
shallow surface portion. 
[0005] 

[Means for Solving the Problems] 

The present invention, as a method for solving the problems, 
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provides a surface treatment method with an ultra-low speed 
ion beam, the treatment method being characterized in that 
a cluster that is made of agglomerations of atoms or molecules 
of a substance that is gaseous at normal temperature is formed, 
the cluster is showered with electrons and thereby an ion is 
generated, the generated ion is accelerated by an 
accelerating voltage, and the accelerated ion is bombarded 
onto a solid surface. 
[0006 ] 

Furthermore, in a specific mode of the present invention, 
the solid surface may be cleansed damage-free with the cluster 
ions, and ions may be implanted into only a very shallow 
surface portion such as substantially 2 to 10 atomic layers. 
That is, the present invention is characterized in that as 
mentioned above, by use of substances that are gaseous at 
normal temperature, such as, for instance, carbide, oxide, 
fluoride, chloride, hydride, sulfide, rare gas compound and 
gaseous mixture thereof mixed with an appropriate mixing 
ratio, cluster ions of these substances are bombarded onto 
the solid surface as an ultra-low speed ion beam. In this 
case, since the cluster is normally made of several hundreds 
of atoms, even when an input voltage is 1 kV, each atom is 
bombarded as an ultra-low speed ion beam that is 10 or less 
eV. 

[ 0007 ] 
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In the following, with embodiments, the surface treatment 
method with an ultra-low speed ion beam of the present 
invention will be furthermore detailed. 
[0008 ] 

[Embodiments ] 

Fig. 1 of attached drawings is a schematic view of surface 
treatment apparatus with an ultra-low speed ion beam of the 
present invention. With reference to Fig. 1, a surface 
cleaning method with a cluster ion beam will be explained. 
First, a gas that is gaseous at normal temperature, such as, 
C0 2 , fluoride, or chloride, is introduced into a gas source 
(2) through a feed port (1) until a gas pressure becomes 
several atmospheres. Then, the introduced gas is ejected from 
a nozzle (3) that is disposed at a tip end of the gas source 
(2). At this time, due to adiabatic expansion, clusters each 
of which is made of several hundreds of atoms, that is, groups 
each of which is made of agglomerations of atoms or molecules 
are formed. The clusters are introduced through a skimmer 
(4) into an ionizing portion (5). When passing through the 
ionizing portion (5), the clusters are partially ionized and 
cluster ions are generated. Next, the cluster ions, after 
being accelerated by a negative accelerating voltage that is 
applied to an accelerating electrode (6) and a substrate 
holder (7), collide against a substrate (8). Since one 
cluster is made of several hundreds of atoms, even when an 
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applied voltage is 1 kV, each atom collides against the 
substrate with an ultra-low speed of 10 eV or less. 
[0009] 

Figs. 2A through 2C illustrate nozzles (3) for the apparatus. 
All of these nozzles may be made of glass. These nozzles may- 
be called, for instance, an L type nozzle (A) , an M type nozzle 
(B), and an S type nozzle (C). Diameters (d L through d 3 ) and 
outlet diameters (D x through D 3 ) of the nozzles are designed 
so as to be 0 . 1 mm and 3 mm, respectively. Actual measurements 
of diameters of manufactured nozzles are as follows. 
[0010] 

d x =0 . 1 8 mm 

d 2 =0.15 mm 

d 3 =0.12 mm 

Furthermore, each length of diverging portions of the nozzles 
(l x through 1 3 ) is set at 32 mm for the L type, 14 mm for the 
M type, and 10 mm for the S type. The length and the diameter 
of the nozzle are different depending on the kind of a gas 
and determined at dimensions in which the cluster is formed 
due to the adiabatic expansion. Furthermore, the nozzle may 
be made of other materials than glass. 
[0011 ] 

Fig. 3 shows intensity distributions of beams ejected from 
the L type nozzle among these. The intensity of the beam is 
measured by use of an ionization gauge. In addition, a 
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distance between the skimmer (4) and the nozzle (3) is fixed 
at 1 cm, and the nozzle (3) is moved along a direction vertical 
to the beam, and thereby the beam intensity is measured. From 
this Fig. 3, it is found that the beam is a directional beam 
deviated to a center, and its directionality becomes larger 
as a gas feed pressure (P 0 ) increases. 
[0012 ] 

Fig. 4 shows an intensity distribution of an electron beam 
diffraction pattern of a C0 2 gas beam when with the L type 
nozzle, the gas feed pressure (P 0 ) is varied from 0.4 
atmospheres to 3 . 0 atmospheres and measured. An S value shows 

the relationship of S = (4jr/X.)sin 20. From this Fig. 4, it 
is found that as the gas feed pressure (P 0 ) increases, each 
peak becomes larger. From a half width value of a diffraction 
peak from (111) plane and its peak position (diffraction 
angle), a dimension, that is, a size of the cluster can be 
calculated. Results of the calculation are shown in Fig. 5. 
For all cases of the L type, M type and S type, it is found 
that the cluster size increases as the gas feed pressure 
increases. In particular, in the case of the L type nozzle, 
the sizes distribute in the range of from 1000 to 5000. 
[0013 ] 

In addition, in order to investigate damage caused when C0 2 
cluster ions are bombarded against a Si substrate, after the 
cluster ions are varied in the accelerating voltage thereof 
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and bombarded against the Si substrate, the dif fractive index 
of the Si substrate is measured by use of an ellipsometer . 
Fig. 6 shows relationship between refractive index of the Si 
substrate and accelerating voltage measured after the C0 2 
cluster ions and C0 2 mono-molecule ions, respectively, are 
bombarded against the Si substrates. It is found that in the 
case of the C0 2 mono-molecules , the refractive index increases 
as the accelerating voltage is increased, that is, as a result 
of ion bombardment the surface is rendered amorphous. On the 
other hand, in the case of the C0 2 cluster ion bombardment, 
the refractive index is almost the same up to the accelerating 
voltage of 4 kv. Furthermore, it is found that the value of 
the refractive index is substantially the same magnitude as 
that of an un-bombarded Si substrate, that is, the bombardment 
damage is extremely small . 
[0014 ] 

Fig. 7 shows measurements when after the C0 2 cluster ions 
and mono-molecule ions are bombarded against Si substrates 
at an accelerating voltage Va=3 kv, the Si substrates are 
measured by means of Rutherford Backscattering Method (RBS). 
From areas of peaks in the neighborhood of substantially 
280-channel, it is found that the number of damaged Si atoms 
in the case of the C0 2 cluster ion bombardment is substantially 
the same as an area of the peak of the un-bombarded Si 
substrate, that is, the damage due to the ion bombardment is 
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small. An incident energy a molecule of the cluster is 
substantially 6 eV and is very small in comparison with 3 keV 
a mono-molecule. 
[0015] 

From the aforementioned results, it is found that when the 
cluster ions are used, since the incident energy onto the 
substrate surface may be made smaller than an energy necessary 
to shift surface atoms, the defects are not generated on the 
substrate surface. Furthermore, since the absorption energy 
of impurity atoms and oxide adsorbed on the substrate surface 
is several electron volts or less, the impurities and oxide 
adsorbed on the substrate surface may be sputtered and removed 
out of the surface. Still furthermore, since fluorine and 
chlorine are chemically active, when combined together with 
kinetic energy that each atom has, without heating, the oxide 
or the like on the solid surface may be effectively removed. 
As needs arise, after mass separation is performed by use of 
an electric field, a magnetic field or the like, the cluster 
ions may be bombarded against the substrate surface. 
[0016 ] 

Thus, according to the method of the present invention, a 
defect-free and clean surface can be formed on a solid surface 
even at low temperatures. Accordingly, since with this clean 
surface a single crystal can be grown, and with the materials 
an electronic device can be formed in a monolithic form, its 
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advantageous effects are large. In addition, since an 
incident energy of a cluster onto the substrate can be freely 
controlled, as shown in, for instance, Fig. 8, by implanting 
ions into a very shallow surface portion, surface 
modification may be realized. Furthermore, since according 
to a gas kind, it can be deposited on the substrate surface, 
chemical vapor deposition ( CVD ) due to the low speed ion beam 
may be realized. 
[0017 ] 

[Effect of the Invention] 

According to the present invention, as above explained in 
detail, with an ultra-low speed ion beam, damage-free surface 
cleaning and high accuracy/high precision surface treatment 
such as ion implantation into a shallow surface portion can 
be realized. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a sectional block diagram showing an example of 
ion beam treatment apparatus of the present invention. 
[Fig. 2] 

Each of Figs. A through C is a sectional view illustrating 
a shape of a nozzle of the ion beam treatment apparatus shown 
in Fig . 1 . 
[Fig. 3] 

Fig. 3 is a diagram showing an intensity distribution of 
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a C0 2 beam. 
[Fig. 4] 

Fig. 4 is a diagram showing an intensity distribution of 
an electron beam diffraction pattern of the C0 2 beam. 
[Fig. 5] 

Fig. 5 is a correlation diagram showing relationship 
between cluster size and feed gas pressure. 
[Fig. 6] 

Fig. 6 is a correlation diagram between refractive index 
and accelerating voltage. 
[Fig. 7] 

Fig. 7 is a diagram showing RBS spectra. 
[Fig. 8] 

Fig. 8 outlines an ion implantation process by use of ion 
cluster ions . 

[Description of the Reference Numerals and Signs] 



1 gas feed port 

2 gas source 

3 nozzle 

4 skimmer 

5 ionizing portion 

6 accelerating electrode 

7 substrate holder 

8 substrate 
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